We previously identified a set of 50 genes that were differentially transcribed in the hippocampal CA1 region of aged, learning-impaired rats compared to aged, superior learning animals during a Morris water maze paradigm. In the current study, we expressed three of these genes (Pctk1, Tcf12 and Ccnd1), which had shown increased transcription in aged, learning impaired rats, in the hippocampus of young rats using viral gene transfer and tested for learning and memory deficits at age 7-14 months. Pctk1 injected animals displayed a modest deficit in acquiring latency in both the Morris water maze and the reverse Morris maze. In the radial arm water maze paradigm, Pctk1, Tcf12 and Ccnd1 expressing animals all showed significant deficits in spatial working memory compared to controls. Rats injected with Ccnd1 and Tcf12, but not Pctk1, also showed a significant deficit in spatial reference memory in the radial arm water maze. Electrophysiological experiments revealed no difference in LTP in Ccnd1 and Pctk1 animals. However, LTD induced by low frequency stimulation was observed in control and Ccnd1 animals, but not in Pctk1 treated animals. In addition, neither Ccnd1 nor Pctk1 expression produced any detectable neuropathology. In contrast Tcf12 expressing animals displayed significant neurodegeneration in both CA1 and dentate gyrus. Several Tcf12 animals also developed tumors that appeared to be glioblastomas, suggesting that aberrant Tcf12 expression in the hippocampus is tumorigenic. Thus, behavioral experiments suggested that overexpression of Pctk1 and Ccnd1 produce a deficit in learning and memory, but electrophysiological experiments do not point to a simple mechanism. In contrast, the learning and memory deficits in Tcf12 animals are likely due to neuropathology associated with Tcf12 gene expression.
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Introduction
Aging is associated with cognitive declines in both humans and rodents. Humans, as well as rodents, display a large variability between individuals in age-related impairments in learning and memory. The underlying causes for this variability remain unknown. The formation of long term memory requires transcription and synthesis of new proteins (Hernandez & Abel, 2008) . We have hypothesized that differential changes in gene expression between individuals may be responsible for the variability in memory-related behaviors in aged rodents. We previously used the Morris water maze (MWM) to segregate aged learningcompetent and aged learning-impaired animals, and used microarray analysis to investigate the genome-wide transcriptional changes that occurred in both CA1 and dentate gyrus of rats that showed age-related learning impairment (AI) in MWM compared to rats that showed less cognitive impairment (superior learners (SL). We identified two sets of genes that are differentially expressed in CA1 and dentate gyrus, respectively, in AI and SL rats (Burger, Lopez, et al., 2007 , 2008 . Several genes that we identified
